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ABSTRACT 
Emily G. Lowery:  The CRF-1 receptor antagonist, CP-154,526, attenuates stress-induced 
increases in ethanol consumption by BALB/cJ mice 
(Under the direction of Dr. Todd E. Thiele) 
 
 Corticotropin-releasing factor (CRF) signaling modulates neurobiological responses 
to stress and ethanol, and may modulate increases in ethanol consumption following 
exposure to stressful events.  The current experiment was conducted to characterize the role 
of CRF1 receptor (CRF1R) signaling in stress-induced ethanol consumption in BALB/cJ and 
C57BL/6N mice.  Male BALB/cJ and C57BL/6N mice were given continuous access to 8% 
(v/v) ethanol and were exposed to 5 minutes of forced swim stress on each of 5 consecutive 
days preceded by an intraperitoneal injection of a 10 mg/kg dose of CP-154,526, a selective 
CRF1R antagonist.  Exposure to forced swim stress significantly increased ethanol 
consumption by the BALB/cJ, but not of the C57BL/6N, mice. BALB/cJ mice pretreated 
with the CRF1R antagonist showed blunted stress-induced increases in ethanol intake.  The 
present results provide evidence that CRF1R signaling modulates the delayed increase of 
ethanol consumption stemming from repeated exposure to a stressful event in BALB/cJ mice. 
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CHAPTER 1 
INTRODUCTION 
Stress may be a key contributor to the development of ethanol dependence and 
relapse (Breese et al., 2005a; Koob, 2003).  Stressful life events, such as those underlying 
posttraumatic stress disorder, are co-morbid with ethanol abuse disorders and human 
laboratory studies show that stress increases the self-report of craving in abstinent alcoholics 
(Back et al., 2006; Breslau et al., 2003; Fox et al., 2007). Clinical research implicates stress 
in the relapse to pathological ethanol use in formerly abstinent alcoholics, perhaps as a means 
to self-medicate heightened anxiety and negative affect associated with withdrawal and 
abstinence from alcohol (Brady and Sonne, 1999; Breese et al., 2005b; Kushner et al., 1994; 
Sinha, 2001). 
Animal Models of Stress-Induced Ethanol Consumption 
Recent investigations show that stress can also impact ethanol consumption in animal 
models (Chester et al., 2004; Croft et al., 2005; Le et al., 2000; Little et al., 1999; Liu and 
Weiss, 2002; Sillaber et al., 2002). Various stress paradigms reliably elicit stress-induced 
increases in ethanol consumption, especially among low ethanol consuming animals (Chester 
et al., 2004; Croft et al., 2005; Little et al., 1999).  For example, selectively bred ethanol non-
preferring NP rats exposed to 10 days of restraint stress showed significant and enduring 
increases in ethanol consumption beginning approximately 2 weeks following the stress 
procedure, while ethanol preferring P rats showed only transient stress-induced increases in 
ethanol drinking immediately after the stress procedure (Chester et al., 2004). Additionally, 3 
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weeks of stress induced by daily saline injections (Little et al., 1999), or 5 consecutive days 
of social defeat stress (Croft et al., 2005), significantly increased ethanol consumption 
approximately 2 weeks after the stress procedure among C57BL/10 mice displaying initially 
low preference for ethanol. An interesting commonality among many animal studies that 
assess the effects of stress on ethanol intake is that the effects of stress on ethanol drinking 
are delayed, typically occurring weeks after stress exposure (Chester et al., 2004; Croft et al., 
2005; Little et al., 1999). 
The Role of the Hypothalamic-Pituitary-Adrenal Axis in Stress and Ethanol Consumption 
Both ethanol and stress activate the hypothalamic-pituitary-adrenal (HPA) axis by 
inducing the release of corticotropin-releasing factor (CRF), adrenocorticotropic hormone 
(ACTH), and glucocorticoids (Brady and Sonne, 1999). The relationship between ethanol 
and the HPA-axis appears to be bidirectional, since exogenous administration of CRF, 
ACTH, and glucocorticoids alter ethanol consumption (Bell et al., 1998; O'Callaghan et al., 
2002; Thorsell et al., 2005). Given that neurobiological responses to both stress and ethanol 
exposure involve HPA-axis signaling, it is possible that the neurochemicals and hormones 
associated with the HPA-axis modulate stress-induced increases of ethanol consumption. 
One such candidate is CRF, a 41 amino acid polypeptide that integrates both neuroendocrine 
and behavioral responses to stress (Smith et al., 1998). CRF-containing neurons are 
expressed throughout the brain, including in regions implicated in neurobiological responses 
to ethanol such as the bed nucleus of the stria terminalis, the amygdala, and the lateral 
hypothalamus (Koob, 2003). Of the two G protein-coupled receptors, the CRF1 receptor 
(CRF1R) appears to be involved with the integrate emotional behavior while the CRF2 
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receptor (CRF2R) may modulate ingestive behaviors (Koob, 2003; Zorrilla and Koob, 2004; 
Zorrilla et al., 2004).  
The Role of Corticotropin-Releasing Factor in Ethanol Consumption 
CRF receptor signaling has been implicated in a variety of neurobiological responses 
to ethanol. For example, CRF receptor antagonists attenuate the anxiogenic effect of ethanol 
withdrawal (Breese et al., 2004; Knapp et al., 2004; Overstreet et al., 2004; Rassnick et al., 
1993), prevent excessive ethanol self-administration in dependent animals (Funk et al., 2007; 
Valdez et al., 2002), and block foot shock-induced reinstatement of ethanol-seeking behavior 
(Liu and Weiss, 2002). The CRF1R also appears to be involved in stress-induced increases in 
ethanol consumption. Mutant mice lacking normal production of the CRF1R displayed 
significantly greater ethanol consumption beginning approximately 2 weeks after a social 
defeat stress procedure, an effect that was not evident in normal wild-type mice. Subsequent 
exposure to forced swim stress further augmented ethanol consumption in CRF1R knockout 
mice (Sillaber et al., 2002). 
While the Sillaber et al. (2002) study provides genetic evidence suggesting a role for 
the CRF1R in modulating stress-induced increases in ethanol consumption, the goal of the 
present experiment was to use a pharmacological approach to determine if pretreatment with 
the selective CRF1R antagonist, CP-154,526, would buffer the effects of stress and thus 
attenuate the development of stress-induced increases in ethanol intake in BALB/cJ mice.  
Therefore, we predicted that 1) ethanol consumption would increase among animals with a 
history of stress exposure, and 2) pretreatment with CP-154,526 would attenuate stress-
induced increases in ethanol consumption among animals with a history of stress.  BALB/cJ 
mice were chosen because this strain has been shown to have high sensitivity to the effects of 
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stress on both behavioral and neurobiological measures (Crawley et al., 1997) and drinks low 
levels of ethanol (Belknap et al., 1993). We also assessed the effects of stress exposure on 
ethanol consumption by C57BL/6N mice, a strain that voluntarily consumes high amounts of 
ethanol (Belknap et al., 1993). Here we show that 5 consecutive days of exposure to a 5 
minute forced swim stress procedure caused significant and delayed increases in voluntary 
ethanol consumption in BALB/cJ mice, an effect which was attenuated by pretreatments with 
the CRF1R antagonist before each stress session. On the other hand, stress exposure did not 
alter ethanol intake by C57BL/6N mice. 
  
 
 
 
CHAPTER 2 
METHODS 
Animals 
Forty-seven male BALB/cJ (Jackson Laboratories, Bar Harbor ME) and 36 male 
C57BL/6N (Charles River Labs, Wilmington MA) mice approximately 8 weeks old and 
weighing 19-26 g were housed individually in polypropylene cages with corncob bedding 
upon arrival.  Animals had ad libitum access to tap water and standard rodent chow 
throughout the experiment.  All fluid was presented in 2 bottles, inserted through holes at the 
top of the cage.  Bottle weights were recorded every 2 days, and body weights and food 
measurements were taken every 4 days at approximately 10:00 a.m.  Food intake was 
measured by subtracting the weight of rodent chow (grams) still present in the cage on 
measurement day from the initial weight when food was placed in the cage. Great care was 
taken to collect the remaining food in the cage on measurement day to assure accurate 
readings. The colony room was maintained at approximately 21°  C  with a 12-hr/12-hr 
light/dark cycle with lights off at 10:30 a.m.  All procedures in the experiments below were 
approved by the University of North Carolina’s Institutional Animal Care and Use 
Committee and follow the National Institute of Health’s guidelines. 
Drug Treatment 
CP-154,526 (butyl-[2,5-dimethyl-7-(2,4,6-trimethylphenyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl]-ethylamine) donated by Pfizer (Groton, CT) was suspended in a vehicle of 
0.5% carboxymethylcellulose (CMC).  CP-154,526 displays high affinity for the CRF1R (Ki 
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< 10 nM) and blocks CRF-stimulated adenylate cyclase activity in rodent pituitary and 
cortical membranes (Lundkvist et al., 1996; Schulz et al., 1996). Peripheral administration of 
CP-154,526 crosses the blood-brain barrier and reaches peak brain concentrations 20 minutes 
after administration with significant levels of the drug observed in the cortex, striatum, 
cerebellum, and hippocampus (Keller et al., 2002). Importantly, previous research found that 
systemic administration of a 10 mg/kg dose of CP-154,526 effectively reduced anxiety-like 
behavior in mice (Griebel, Perrault, & Sanger, 1998). Therefore, a 10 mg/kg dose of CP-
154,526, or equal volume of CMC (5 ml/kg), was administered via intraperitoneal (i.p.) 
injection approximately 30 minutes prior to each stress or handling procedure (see below). 
Forced Swim Stress 
 Forced swim procedures were used to induce stress in mice. Briefly, the mice were 
removed from their homecages and placed individually in buckets containing 4000 mL of 
water maintained at approximately room temperature (21°C) for 5 minutes on each of 5 
consecutive days. Mice were carefully monitored and a criteria was established that any 
mouse that could not keep its head above the water was removed from the procedure 
(however, all animals were able to swim for the entire session in each experiment). After the 
5 minute session, mice were removed from the buckets and dried with a cloth towel. This 
forced swim stress procedure has been shown to significantly increase ethanol drinking by 
mice (Sillaber et al., 2002). Mice in the non-stress conditions were briefly removed and then 
returned to their cages. 
Habituation to Environment and Voluntary Ethanol Consumption 
Upon arrival, animals were allowed to habituate to their surroundings for 8 days.  On 
day 9, one water bottle on each cage was replaced with an identical bottle containing a 2% 
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(v/v) ethanol solution diluted in tap water.  Every 4 days, the concentration of ethanol was 
increased in the following increments: 4, 6, and 8%.  From this point on, animals had 
continuous free access to 8% ethanol and water for the duration of the experiment.  The 
position of bottles containing ethanol were changed every 2 days to prevent the development 
of side preferences.  Fluid loss was controlled by using dummy bottles of water and ethanol 
placed on an animal-free cage which was located on the same rack as cages containing mice.  
Daily ethanol consumption was calculated in g of ethanol consumed/kg of body weight 
(g/kg).   
Consumption of the 8% ethanol solution stabilized by day 13, and animals were 
divided into 4 groups based on ethanol consumption during the final 3 days of baseline (days 
16-18).  Mice were either pretreated with CP-154,526 (CP) or vehicle (Veh) 30 minutes 
before being exposed to a 5 minute forced swim stress session (Stress) or handling (No 
Stress). The groups were as follows: BALB/cJ Stress-CP (n = 8), BALB/cJ Stress-Veh (n = 
8), BALB/cJ No Stress-CP (n = 9), BALB/cJ No Stress-Veh (n = 9), C57BL/6N Stress-CP (n 
= 10), C57BL/6N Stress-Veh (n = 7), C57BL/6N No Stress-CP (n = 9), and C57BL/6N No 
Stress-Veh (n = 10). Following the 5 forced swim days, ethanol, water, and food intake as 
well as body weight measures were collected over a 4-week period.  The BALB/cJ mice were 
exposed to an additional 5 days of forced swim stress on days 56-60, as described above, but 
did not receive drug treatment prior to stress exposure. 
Voluntary Sucrose Consumption and Forced Swim Stress 
 As a consummatory control, 20 ethanol-naïve BALB/cJ mice were given continuous 
access to a 1% (w/v) sucrose solution and tap water and exposed to forced swim stress or 
handling, as described above.  Sucrose was diluted in tap water. We chose 1% sucrose 
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because we found that this concentration produced a similar volume of consumption by the 
BALB/cJ mice as the 8% ethanol solution. Additionally, 1% sucrose solution has been used 
previously as a control for stress-induced consumption of an 8% ethanol solution (Croft, 
Brooks, Cole, & Little, 2005).  The position of bottles containing sucrose was changed every 
2 days to prevent the development of side preferences.  Fluid loss was controlled by using 
dummy bottles of water and sucrose placed on an animal-free cage which was located on the 
same rack as cages containing mice. Daily sucrose consumption was calculated in mls of 
sucrose solution consumed/kg of body weight (ml/kg).  Access to food, water, and sucrose 
was continuously available for the duration of the experiment. 
 Following 7 days of access to the 1% sucrose solution, animals were divided into 
Stress and No Stress groups based on their sucrose consumption during the final 3 days of 
baseline (days 5-7).  On days 8 through 12, animals in the Stress group (n = 10) were 
exposed to daily 5-minute forced swim procedures over 5 days, while animals in the No 
Stress group (n = 10) were handled as described above. Sucrose and water consumption were 
monitored every 2 days throughout the stress period, and for an additional 4 weeks thereafter. 
Data Analysis 
All data shown are presented as mean ± SEM, and were analyzed using repeated measures 
analyses of variance (ANOVAs).  Planned comparisons were analyzed using t-tests (Winer, 
1991).  In accordance with a priori hypotheses, the following tests were conducted: 1) 
comparisons were made of the Stress-Veh and No Stress-Veh groups to determine if stress 
exposure significantly increased ethanol consumption, 2) comparisons were made of the 
Stress-CP group with No Stress-CP and No Stress-Veh groups to determine if CP-154,526 
pretreatment significantly attenuated stress-induced ethanol drinking to the level of non-
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stressed animals, and 3) comparisons were made of the Stress-Veh and Stress-CP groups to 
determine if CP-154,526 pretreatment significantly blocked stress-induced increases of 
ethanol drinking relative to stressed animals not pretreated with the CRF1R antagonist. All 
reports of significance were accepted at the p < 0.05 level. 
  
 
 
CHAPTER 3 
RESULTS 
The Effects of Forced Swim Stress on Ethanol, Food, and Water Consumption by 
BALB/cJ Mice  
Figure 1 displays the effect of forced swim stress on the ethanol, water, and food 
consumption of BALB/cJ animals for the duration of the experiment. Because BALB/cJ mice 
were treated with the CRF1R antagonist during the first, but not second, 5 day stress 
procedure, data were collapsed across the CRF1R antagonist factor for the present analyses.  
As shown in Figure 1A, forced swim stress significantly increased ethanol consumption 
among BALB/cJ animals in the Stress group, while handling did not alter ethanol 
consumption among BALB/cJ animals in the No Stress group.  The results of a 2 x 11 
repeated measures ANOVA revealed a significant main effect of week {F(10, 340) = 4.859}, 
a significant stress x week interaction {F(10, 340) = 2.634}, as well as a significant main 
effect of stress {F(1, 34) = 8.315}.  Planned comparisons revealed that stressed animals 
consumed significantly more ethanol than non-stressed animals at post-stress week 3 {t(34) = 
2.503} and post-stress week 4 {t(34) = 2.697} following the first stressor. Additionally, 
stressed animals consumed significantly more ethanol  
during the second baseline period {t(34) = 2.271}, during the second stress period {t(34) = 
1.971}, and at post-stress week 1 {t(34) = 2.001}, post-stress week 2 {t(34) = 2.378}, and 
post-stress week 3 {t(34) = 2.845} following the second stressor.  Animals of the Stress 
group consumed significantly less water as compared to animals of the No Stress group for 
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much of the experiment (see Fig. 1B).  The results of a 2 x 11 repeated measures ANOVA 
revealed a significant main effect of week {F(10, 340) = 5.750} and a significant stress x 
week interaction {F(10, 340) = 3.342}.  Planned comparisons revealed that animals of the 
Stress group consumed significantly less water than animals of the No Stress group at post-
stress week 4 following the first stressor {t(34) = 2.423} and following the second stressor at 
post-stress week 1 {t(34) = 1.733}, post-stress week 2 {t(34) = 2.234}, and post-stress week 
3 {t(34) = 1.727}.  The decrease in water consumption among stressed animals is likely 
related to increased ethanol consumption following stress exposure.  Finally, forced swim 
stress did not alter food consumption when compared with the handled group (see Fig. 1C), 
although a 2 x 11 repeated measures ANOVA revealed a significant main effect of week 
{F(10, 320) = 7.162}. 
The Effects of CRF1R Antagonism on Stress-Induced Ethanol, Water, and Food 
Consumption by BALB/cJ Mice 
 Figure 2 shows the effect of CRF1R antagonism on ethanol, water and food 
consumption of BALB/cJ animals during the first stress period.  As shown in Figure 2A, 
forced swim stress significantly increased ethanol consumption, an effect which was 
attenuated by administration of CP-154,526.  The results of a 2 x 2 x 6 repeated measures 
ANOVA indicated a significant stress x week interaction {F(5, 160) = 2.979} as well as a 
significant main effect of stress {F(1, 32) = 17.986}.  Planned comparisons revealed that 
animals of the Stress-Veh group consumed significantly more ethanol than animals of the No 
Stress-Veh groups at post-stress week 3 {t(16) = 2.046} and post-stress week 4 {t(16) = 
1.963}, indicating stress-induced increases of ethanol consumption. Importantly, at no time 
point did group Stress-CP differ significantly from the non-stressed groups. 
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Since stress-induced increases in ethanol consumption emerged several weeks 
following the stress procedure, the effects of CRF1R antagonism on the development of 
stress-induced increases in ethanol consumption were analyzed by examining ethanol 
consumption at post-stress weeks 2-4 relative to the first week following the stress procedure 
(∆ post 1; see Figure 2B).  The results of a 2 x 2 x 3 repeated measures ANOVA revealed a 
significant main effect of stress {F(1, 32) = 12.232}.  Planned comparisons revealed that 
animals of the Stress-Veh group showed significantly greater increases of ethanol 
consumption compared to the No Stress-Veh group at post-stress week 3 {t(16) = 2.293} and 
post-stress week 4 {t(16) = 2.249}, again reflecting a delayed stress-induced increase in 
ethanol consumption. A planned comparison revealed significant differences between the 
Stress-Veh and Stress-CP groups at post-stress week 2 {t(14) = 1.782}, suggesting that CP-
154,526 blocked stress-induced increases in ethanol consumption during this week. As 
above, at no time point did the Stress-CP group differ significantly from the non-stressed 
groups. 
Exposure to forced swim stress significantly altered water consumption, as displayed 
in Figure 2C.  The results of a 2 x 2 x 6 repeated measures ANOVA revealed a significant 
main effect of week {F(5, 160) = 5.514} as well as a significant stress x week interaction 
{F(5, 160) = 2.853}.  Planned comparisons revealed that the Stress-Veh group consumed 
significantly less water than the No Stress-Veh group at post-stress week 4 {t(16) = 2.026}.  
Finally, neither forced swim stress nor antagonism of the CRF1R altered food consumption 
(see Fig. 2D).  However, a significant main effect of week was observed {F(5, 160) = 
7.486}. 
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The Effects of Forced Swim Stress on Sucrose Consumption by BALB/cJ Mice 
Figure 3 shows the effects of forced swim stress on consumption of the 1% sucrose 
solution and water by ethanol-naive BALB/cJ mice.  Repeated measures ANOVA did not 
reveal significant effects of stress on sucrose consumption when expressed as ml/kg/day or 
change in consumption relative to post-stress week 1. However, planned comparisons 
revealed significant differences in sucrose consumption between groups.  Specifically, as 
shown in Figure 3A, significant differences in sucrose consumption were observed in 
stressed animals as compared to non-stressed animals at post-stress week 3, {t(17) = 1.884}, 
and at post-stress week 4, {t(17) = 2.139}, which appears to reflect a reduction of sucrose 
consumption by non-stressed mice at post-stress weeks 3 and 4 relative to prior weeks.  
Importantly, forced swim stress did not cause a delayed increase in sucrose consumption at 
post-stress weeks 2-4 relative to post-stress week 1 (∆ post 1).  The effects of forced swim 
stress exposure on water consumption are shown in Fig. 3C.  A 2 x 6 repeated measures 
ANOVA revealed a significant main effect of week {F(5, 85) = 6.237}, and planned 
comparisons revealed that the stressed animals consumed significantly less water than non-
stressed animals at post-stress week 3, {t(17) = 1.829}. 
The Effects of Forced Swim Stress on Ethanol and Water Consumption by C57BL/6N 
Mice 
Figure 4 displays the effects of forced swim stress and CRF1R antagonism on the 
ethanol and water consumption of C57BL/6N animals.  As shown in Figure 4A, neither 
forced swim stress nor CRF1R antagonism significantly altered ethanol consumption by 
C57BL/6N animals.  A 2 x 2 x 6 repeated measures ANOVA revealed a significant main 
effect of week {F(5, 160) = 20.425}. Planned comparisons revealed no group differences. 
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Figure 4B shows water consumption by C57BL/6N mice.  The results of a 2 x 2 x 6 repeated 
measures ANOVA revealed a significant main effect of week {F(5, 160) = 7.087}, as well as 
a significant week x stress x drug interaction {F(5, 160) = 2.561}.  Planned comparisons 
revealed that animals of the Stress-Veh group consumed significantly more water than 
animals of the No Stress-Veh group at post-stress week 1 {t(17)= 1.789}. 
  
 
 
 
CHAPTER 4 
DISCUSSION 
The results of the current experiment show that forced swim stress induced a delayed 
increase in ethanol consumption by initially low ethanol consuming BALB/cJ mice, but did 
not affect ethanol consumption in the initially high ethanol consuming C57BL/6N mice.  The 
lack of effect of stress exposure on ethanol consumption by the C57BL/6N mice is unlikely 
due to the high baseline ethanol consumption observed in these animals (e.g., a ceiling effect) 
since experimental manipulations, such as procedures that promote the alcohol deprivation 
effect, have been shown to reliably increase ethanol consumption significantly above 
baseline levels which are similar to consumption levels observed in the present experiment 
(Melendez et al., 2006). These results are consistent with the literature suggesting that a 
variety of stressors can have delayed effects on ethanol consumption in rodents (Chester et 
al., 2004; Croft et al., 2005; Little et al., 1999; Sillaber et al., 2002), and that the effects of 
stress on ethanol consumption may depend on initial preference for ethanol (Chester et al., 
2004; Little et al., 1999; Rockman et al., 1987). The results of the current experiment also 
provide additional support for research suggesting that CRF1R signaling is involved in stress-
related ethanol consumption since pretreatment before each stress episode with CP-154,526, 
a CRF1R antagonist, attenuated the observed stress-induced increases in ethanol consumption 
among BALB/cJ mice.  This conclusion is supported by the observation that stress-treated 
BALB/cJ mice that were pretreated with CP-154,526 never differed significantly in ethanol 
consumption from non-stressed groups, while stress-treated mice pretreated with the vehicle 
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showed significantly higher levels of ethanol consumption than the non-stressed groups at 
multiple time points. 
Although there were group differences in sucrose consumption, such differences 
appear to be related to a reduction of sucrose intake by non-stressed  mice at post-stress 
weeks 3 and 4 relative to prior weeks. Furthermore, there were no group differences in 
sucrose consumption at post-stress weeks 2 through 4 relative to post-stress week 1, 
indicating that stress did not promote a delayed increase of sucrose consumption, a delayed 
effect of stress that was noted when mice drank ethanol. This observation, and the fact that 
stress did not significantly alter food intake, suggests that the delayed effects of stress to 
increase consumption over weeks is specific to ethanol. The observed decrease in water 
consumption among animals exposed to stress is likely related to the observed increase in 
ethanol solution intake among these animals, since a portion of the animal’s water intake was 
obtained from the ethanol solution.  
 Although the literature on stress and ethanol consumption has been mixed, recent 
reports indicate that the effects of stress on ethanol consumption may differ depending on the 
length of time that has elapsed since termination of the stressor.  For example, some studies 
investigating the immediate effects of stress on ethanol consumption suggest that ethanol 
consumption is transiently reduced (van Erp and Miczek, 2001), and some studies 
investigating the long-term effects of stress on ethanol consumption reveal delayed increases 
in ethanol consumption (Chester et al., 2004; Croft et al., 2005; Sillaber et al., 2002), though 
other studies have failed to find a stress effect on ethanol consumption at any experimental 
time point (Bowers et al., 1997; Boyce-Rustay et al., 2007).  Indeed, direct comparison of the 
results of these studies is difficult due to use of a wide variety of stressors and rodent strains, 
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as well as varying experimental time points and ethanol access periods.  Nonetheless, our 
work and the work of others indicates that stress can increase ethanol consumption by 
rodents under certain conditions. 
The results of the current experiment coincide with an increasing number of reports 
suggesting that the pattern of ethanol consumption following stress may be dependent on 
predisposed ethanol preference (Chester et al., 2004; Little et al., 1999; Rockman et al., 
1987), since increases in ethanol consumption were observed in initially low ethanol 
consuming BALB/cJ mice approximately 3 weeks after exposure to forced swim stress, but 
not in initially high ethanol consuming C57BL/6N mice.  Prior research suggests that animals 
genetically predisposed, or phenotypically selected, for high ethanol consumption, such as 
the C57BL/6 strain of mice, reduce ethanol consumption during stress exposure and 
gradually return to baseline levels of consumption after termination of the stressor (Chester et 
al., 2004; Rockman et al., 1987).  For example, ethanol preferring P rats displayed 
significantly reduced ethanol consumption during the first 5 days of exposure to 10 days of 
unpredictable restraint stress, an increase in ethanol consumption during the 5 days 
immediately following the termination of the restraint stress, and a subsequent return to 
baseline levels of ethanol consumption (Chester et al., 2004).  Similarly, Wistar rats screened 
for high ethanol preference and exposed to unpredictable restraint stress at cold temperatures 
significantly reduced their ethanol consumption during the first 12 days of an 18 day stress 
period, after which consumption returned to baseline levels (Rockman et al., 1987).  
Conversely, a variety of observations reveal that animals showing initial low ethanol 
preference, such as the BALB/c strain of mice, continue consuming baseline levels of ethanol 
during, and immediately following stress exposure, but increase levels of ethanol 
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consumption approximately 2-3 weeks following termination of the stressor (Chester et al., 
2004; Croft et al., 2005; Rockman et al., 1987).  Consistently, ethanol non-preferring NP rats 
exposed to 10 days of unpredictable restraint stress maintained baseline levels of ethanol 
consumption throughout the stress period and immediately thereafter, and significantly 
increased ethanol consumption approximately two weeks following stress exposure (Chester 
et al., 2004).  Wistar rats screened for low ethanol preference and exposed to 18 days of 
unpredictable restraint stress at cold temperatures displayed gradual increases in ethanol 
consumption beginning in the final 12 days of the stress period and continuing several weeks 
after the stress exposure (Rockman et al., 1987).  Similar delayed increases in ethanol 
consumption have been observed in C57BL/10 mice screened for low ethanol preference and 
exposed to social defeat stress (Croft et al., 2005), and stress caused by repeated saline 
injections (Little et al., 1999; O'Callaghan et al., 2002).  Thus, an emerging literature 
provides converging evidence that a variety of stressors induce delayed increases in ethanol 
consumption in initially low ethanol consuming animals. While the present observations 
provide additional evidence that stress-induced increases in ethanol drinking are evident in 
low (BALB/cJ), but not high (C57BL/6N), ethanol preferring strains, an alternative 
explanation for the present data is that the BALB/cJ mice were more stress-responsive than 
the C57BL/6N mice.  Indeed, a well-established literature suggests that the BALB/c strain of 
mice display higher levels of anxiety and are more stress-responsive on certain behavioral 
measures than the C57BL/6 strain of mice (Anisman et al., 2007; Carola et al., 2002; 
Crawley et al., 1997; Depino and Gross, 2007; Ducottet and Belzung, 2004; Griebel et al., 
2000).  As such, it may be stress sensitivity, rather than initial ethanol preference, that 
predicts the effects of stress on subsequent ethanol intake. 
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The HPA-axis has been implicated in neurobiological responses to stress and ethanol 
consumption, and the involvement of neurochemicals and hormones associated with the 
HPA-axis in stress-induced ethanol consumption has been demonstrated.  For example, 
Sprague-Dawley rats with intact HPA-axis function displayed increases in ethanol 
consumption following 11 days of unpredictable exposure to either isolation or 
immobilization stress, while the post-stress ethanol consumption of hypophysectomized rats 
did not change (Nash and Maickel, 1988). Pharmacological manipulations also provide 
evidence for a role of HPA-axis signaling.  ACTH administered via unpredictable, i.v. 
injections for 11 days in intact rats produced increases in ethanol consumption similar to 
those observed following stress exposure (Nash and Maickel, 1988).  Mice screened for low 
ethanol preference and given 3 weeks of daily i.p. injections of the corticosterone synthesis 
inhibitor metyrapone did not display stress-induced increases in ethanol preference caused by 
repeated i.p. injection, while mice injected with vehicle over 3 weeks did display increases in 
ethanol preference (O'Callaghan et al., 2002). The Type II glucocorticoid receptor appears to 
modulate the effects of corticosterone on stress-induced increases in ethanol consumption 
since mice screened for low ethanol preference and given daily i.p. injections of the 
glucocorticoid Type II receptor antagonist RU38486 did not display stress-induced increases 
in ethanol preference, an effect observed in mice with low ethanol preference and given daily 
i.p. injections of vehicle (O'Callaghan et al., 2002).  
The results of the current experiment, as well as those of Sillaber and colleagues 
(2002), indicate that CRF signaling, via the CRF1R, is another HPA-axis-associated 
neurochemical that modulates stress-induced ethanol consumption.  In the current 
experiment, the role of the CRF1R was investigated pharmacologically through the 
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administration of the CRF1R antagonist CP-154,526 prior to each exposure to forced swim 
stress.  While only one dose of the CRF1R antagonist was used in the present study, this 10 
mg/kg dose of CP-154,526 has been previously shown to reduce anxiety-like behavior in 
BALB/cJ mice (Griebel et al., 1998). Importantly our results indicate that pharmacological 
antagonism of the CRF1R with a 10 mg/kg dose of CP-154,526 attenuates the delayed stress-
induced increases in ethanol consumption observed in vehicle and stress treated animals. On 
the other hand, Sillaber and colleagues (2002) found that disruption of CRF1R signaling by 
genetic mutation augmented the delayed stress-induced increases of ethanol consumption 
relative to wild-type mice. While the factors that contribute to the inconsistencies between 
pharmacological and genetic manipulation of CRF1R signaling are not completely clear, 
Sillaber et al. (2002) suggest that the observed increases in ethanol consumption among 
CRF1R knockout mice following stress exposure may result from developmental 
compensation associated with mutation of the CRF1R gene. It should be noted that although 
the results of the current experiment suggest that the CRF1R modulates stress-related ethanol 
consumption, it remains unclear if CRF1R signaling within the HPA-axis and/or within 
extrahypothalamic brain regions are involved. In fact, a recent report found that pretreatment 
with the CRF1R antagonist antalarmin attenuated yohimbine-induced increases in ethanol 
self-administration in rats without altering yohimbine-induced increases of corticosterone 
levels, suggesting that extrahypothalamic CRF1R signaling was involved (Marinelli et al., 
2007). 
In summary, the current experiment indicates that exposure to stress is associated 
with delayed increases in ethanol consumption among initially low consuming BALB/cJ 
mice, but not initially high consuming C57BL/6N mice.  Importantly, stress did not alter the 
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consumption of food or cause delayed increases of sucrose intake in BALB/cJ mice.  
Pretreatment before each stress episode with the CRF1R antagonist CP-154,526 attenuated 
the delayed increases in ethanol consumption observed in stressed BALB/cJ mice, but did not 
alter the consumption of ethanol by non-stressed mice. Current research indicates that CRF 
signaling, via the CRF1R, is intricately involved in the development of ethanol dependence 
and relapse to ethanol seeking during abstinence (Heilig and Koob, 2007), perhaps due to the 
role CRF plays in mediating increased anxiety during withdrawal from ethanol (Breese et al., 
2004).  The current experiment supports the hypothesis that CRF, and more specifically the 
CRF1R, is also involved in delayed and long lasting stress-induced increases in ethanol 
drinking. Thus targets aimed at the CRF1R may be useful compounds for treating and/or 
preventing the lasting effects of stress exposure to induce excessive and uncontrolled ethanol 
consumption in the human population. Finally, future research will extend the current 
findings by investigating the role of CRF1R signaling in targeted brain areas, as well as the 
role of CRF in stress-induced ethanol drinking by ethanol dependent animals. 
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Figure 1:  Mean consumption (g/kg/day) of (A) ethanol, (B) water, (C) and food during 
baselines, the first and second stressors, and post-stress periods for BALB/cJ Stress and No 
Stress groups.  All values are means +/- SEM and * denotes significant between-group 
differences at the p < 0.05 level. 
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Figure 2:  (A) Mean ethanol consumption (g/kg/day) during the first baseline, stressor and 
post-stress periods for BALB/cJ mice.  (B)  Mean changes in ethanol consumption (g/kg/day) 
during post-stress weeks 2-4 relative to post-stress week 1 during the first post-stress period 
for BALB/cJ mice.  (C) Mean water consumption (g/kg/day) during the first baseline, 
stressor, and post-stress periods for BALB/cJ mice.  (D)  Mean food consumption (g/kg/day) 
during the first baseline, stressor, and post-stress periods for BALB/cJ mice.  Groups are as 
follows: Stress-Veh = mice pretreated with vehicle prior to forced swim exposure; Stress-CP 
= mice were pretreated with CP-154,526 prior to forced swim exposure; No Stress-Veh = 
mice were treated with vehicle and handled; No Stress-CP = mice were treated with CP-
154,526 and handled.  All values are means +/- SEM. The high degree of variance noted in 
group Stress-Veh reflects an increase of random variation. Significant between group 
differences are as follows: о denotes significant differences between the Stress-Veh and 
Stress-CP groups,  and + denotes significant differences between the Stress-Veh and No 
Stress-Veh groups, at the p < 0.05 level. 
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Figure 3:  (A) Mean consumption (ml/kg/day) of a 1% (w/v) sucrose solution during the 
baseline, stress and post-stress periods for BALB/cJ Stress and No Stress groups.  (B)  Mean 
change in sucrose consumption (ml/kg/day) during post-stress weeks 2-4 relative to post-
stress week 1 for BALB/cJ Stress and No Stress groups.  (C)  Mean water consumption 
(g/kg/day) during the baseline, stress, and post-stress period for BALB/cJ Stress and No 
Stress groups.  All values are means +/- SEM, and * denotes significant differences between 
the Stress and No Stress groups, at the p < 0.05 level. 
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Figure 4:  (A)  Mean consumption (g/kg/day) of ethanol during the baseline, stress, and post-
stress periods for C57BL/6N mice.  (B)  Mean water consumption (g/kg/day) during the 
baseline, stress, and post-stress periods for C57BL/6N mice. Groups are as follows: Stress-
Veh = mice pretreated with vehicle prior to forced swim exposure; Stress-CP = mice were 
pretreated with CP-154,526 prior to forced swim exposure; No Stress-Veh = mice were 
treated with vehicle and handled; No Stress-CP = mice were treated with CP-154,526 and 
handled.  All values are means +/- SEM, and + denotes significant differences between the 
Stress-Veh and No Stress-Veh groups at the p < 0.05 level. 
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